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(57) A supersonic compressor (10) includes a fluid
inlet (26), a fluid outlet (28), a fluid conduit (32) extending
therebetween, and a supersonic compressor rotor (40)
disposed within the fluid conduit. The rotor includes a
rotor disk (48) that includes a substantially cylindrical
body (50) extending between a radially inner (56) and
outer surface (58) and a plurality of vanes (46) coupled
to the body that extend radially outward from the rotor
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Supersonic compressor and method of assembling same

disk, adjacent vanes form a pair. The rotor disk further
includes a shroud (200) extending about the rotor disk.
The shroud is coupled to at least a portion of each of the
plurality of vanes. The radially outer surface, the pair of
adjacent vanes, and the shroud are oriented such that a
fluid flow channel (80) is defined therebetween. The rotor
disk also includes a plurality of adjacent supersonic com-
pression ramps (98) positioned within the fluid flow chan-
nel.
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Description
BACKGROUND

[0001] The subject matter described herein relates
generally to supersonic compressor systems and, more
particularly, to a supersonic compressor rotor for use with
a supersonic compressor system.

[0002] At least some known supersonic compressor
systems include a drive assembly, a drive shaft, and at
least one supersonic compressor rotor for compressing
a fluid. The drive assembly is coupled to the supersonic
compressor rotor with the drive shaft to rotate the drive
shaft and the supersonic compressor rotor.

[0003] Known supersonic compressor rotors include a
plurality of vanes coupled to a rotor disk. Each vane is
oriented circumferentially about the rotor disk and defines
a flow channel between adjacent vanes. At least some
known supersonic compressor rotors include a super-
sonic compression ramp that is coupled to the rotor disk.
Known supersonic compression ramps are positioned
within the flow path to form a throat region and are con-
figured to form a compression wave within the flow path.
[0004] During operation of known supersonic com-
pressor systems, the drive assembly rotates the super-
sonic compressor rotor at an initially low speed and ac-
celerates the rotor to a high rotational speed. A fluid is
channeled to the supersonic compressor rotor such that
the fluid is characterized by a velocity that is initially sub-
sonic with respect to the supersonic compressor rotor at
the flow channel inlet and then, as the rotor accelerates,
the fluid is characterized by a velocity that is supersonic
with respect to the supersonic compressor rotor at the
flow channel inlet. In known supersonic compressor ro-
tors, as fluid is channeled through the flow channel, the
supersonic compressor ramp causes formation of a sys-
tem of oblique shockwaves within a converging portion
of the flow channel and a normal shockwave in a diverg-
ing portion of the flow channel. A throat region is defined
in the narrowest portion of the flow channel between the
converging and diverging portions. Further, during oper-
ation of known supersonic compressor systems, fluid
leakage across radially outermost portions of the vanes
is one of the principal sources of efficiency loss for su-
personic compressors, especially due to the large pres-
sure gradients spanning the vanes. At least some known
supersonic compressors have large physical footprints
for a given flow capacity and pressurization ratio. Known
supersonic compressor systems are described in, for ex-
ample, United States Patents numbers 7,334,990 and
7,293,955 filed March 28, 2005 and March 23, 2005 re-
spectively, and United States Patent Application
2009/0196731 filed January 16, 2009.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Inone aspect, a supersonic compressor is pro-
vided. The supersonic compressor includes a fluid inlet
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and a fluid outlet. The supersonic compressor also in-
cludes a fluid conduit extending between the fluid inlet
and the fluid outlet. The supersonic compressor further
includes at least one supersonic compressor rotor dis-
posed within the fluid conduit of the supersonic compres-
sor. The supersonic compressor rotor includes at least
one rotor disk. The rotor disk has a substantially cylindri-
cal body extending between a radially inner surface and
a radially outer surface. The rotor disk also includes a
plurality of vanes coupled to the body. The vanes extend
radially outward from the at least one rotor disk and ad-
jacent vanes form a pair of vanes. The rotor disk further
includes a shroud extending about at least a portion of
the at least one rotor disk. The shroud is coupled to at
least a portion of each of the plurality of vanes. The ra-
dially outer surface, the pair of adjacent vanes, and the
shroud are oriented such that a fluid flow channel is de-
fined therebetween. The fluid flow channel includes a
fluid inlet opening and a fluid outlet opening. The rotor
disk also includes a plurality of adjacent supersonic com-
pression ramps positioned within the fluid flow channel.
Each of the plurality of adjacent supersonic compression
ramps is configured to condition a fluid being channeled
through the fluid flow channel such that the fluid is char-
acterized by a first velocity at the inlet opening and a
second velocity at the outlet opening. The first velocity
is supersonic with respect to the rotor disk surfaces. The
rotor disk further includes a casing extending about at
least a portion of the shroud.

[0006] Inanother aspect, a supersonic compressor ro-
tor is provided. The supersonic compressor rotor in-
cludes at least one rotor disk comprising a substantially
cylindrical body extending between a radially inner sur-
face and a radially outer surface. The supersonic com-
pressor rotor also includes a plurality of vanes coupled
to the body. The vanes extend radially outward from the
at least one rotor disk and adjacent vanes form a pair of
vanes. The supersonic compressor rotor further includes
a shroud extending about at least a portion of the at least
one rotor disk. The shroud is coupled to at least a portion
of each of the plurality of vanes. The radially outer sur-
face, the pair of adjacent vanes, and the shroud are ori-
ented such that a fluid flow channel is defined therebe-
tween. The fluid flow channel includes a fluid inlet open-
ing and a fluid outlet opening. The supersonic compres-
sor rotor also includes a plurality of adjacent supersonic
compression ramps positioned within the fluid flow chan-
nel. Each of the plurality of adjacent supersonic compres-
sion ramps is configured to condition a fluid being chan-
neled through the fluid flow channel such that the fluid is
characterized by a first velocity at the inlet opening and
a second velocity at the outlet opening. The first velocity
is supersonic with respect to the rotor disk surfaces.
[0007] Inyetanother aspect, a method for assembling
a supersonic compressor is provided. The method in-
cludes providing a casing that defines a fluid inlet, a fluid
outlet, and a fluid conduit extending therebetween. The
method also includes disposing at least one supersonic



3 EP 2 466 146 A2 4

compressor rotor within the fluid conduit of the superson-
ic compressor. The method further includes providing at
least one rotor disk that includes a substantially cylindri-
cal body extending between a radially inner surface and
a radially outer surface. The method also includes cou-
pling a plurality of vanes to the body. The vanes extend
radially outward from the at least one rotor disk and ad-
jacent said vanes form a pair of vanes. The method fur-
ther includes coupling a shroud to at least a portion of
each of the plurality of vanes and extending the shroud
about at least a portion of the at least one rotor disk. The
casing extends about at least a portion of the shroud.
The method also includes orienting the radially outer sur-
face, the pair of adjacent vanes, and the shroud such
that a fluid flow channel is defined therebetween. The
fluid flow channel includes a fluid inlet opening and a fluid
outlet opening. The method further includes positioning
a plurality of adjacent supersonic compression ramps
within the fluid flow channel. Each of the plurality of ad-
jacent supersonic compression ramps is configured to
condition a fluid being channeled through the fluid flow
channel such that the fluid is characterized by a first ve-
locity at the inlet opening and a second velocity at the
outlet opening. The first velocity is supersonic with re-
spect to the rotor disk surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

[0009] Fig. 1is a schematic view of an exemplary su-
personic compressor system;

[0010] Fig. 2 is a perspective view of an exemplary
supersonic compressor rotor that may be used with the
supersonic compressor shown in Fig. 1;

[0011] Fig. 3is an enlarged top view of a portion of the
supersonic compressor rotor shown in Fig. 2 and taken
along line 3-3;

[0012] Fig. 4 is a schematic view of a portion of a fluid
flow channel that may be used with the supersonic com-
pressor rotor shown in Figs. 2 and 3;

[0013] Fig. 5is atop view of the portion of the fluid flow
channel shown in Fig. 4;

[0014] Fig. 6 is a channel-wise view of the portion of
the fluid flow channel shown in Figs. 4 and 5 and taken
along line 6-6;

[0015] Fig. 7 is a schematic view of a portion of a fluid
flow channel that may be used with the supersonic com-
pressor rotor shown in Figs. 2 and 3;

[0016] Fig. 8 is a channel-wise view of the portion of
the fluid flow channel shown in Fig. 7 taken along line 8-8;
[0017] Fig. 9 is a schematic view of a portion of a fluid
flow channel that may be used with the supersonic com-
pressor rotor shown in Figs. 2 and 3;
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[0018] Fig. 10 is a channel-wise view of the portion of
the fluid flow channel shown in Fig. 9 taken along line
10-10;

[0019] Fig. 11 is a schematic view of a portion of a fluid
flow channel that may be used with the supersonic com-
pressor rotor shown in Figs. 2 and 3;

[0020] Fig. 12 is a channel-wise view of the portion of
the fluid flow channel shown in Fig. 11 taken along line
12-12;

[0021] Fig. 13 is a channel-wise view of a portion of a
fluid flow channel that may be used with the supersonic
compressor rotor shown in Figs. 2 and 3;

[0022] Fig. 14 is an enlarged top view of a portion of
the supersonic compressor rotor shown in Fig. 2 and tak-
en along line 14-14;

[0023] Fig. 15 is a schematic view of a portion of the
supersonic compressor rotor shown in Fig. 14;

[0024] Fig. 16 is a schematic view of the portion of the
supersonic compressor rotor shown in Fig. 14 taken
along line 16-16;

[0025] Fig. 17 is a schematic view of a portion of an
alternative supersonic compressor system; and

[0026] Fig. 18 is a schematic view of the portion of the
supersonic compressor system shown in Fig. 17 taken
along line 18-18.

[0027] Unless otherwise indicated, the drawings pro-
vided herein are meantto illustrate key inventive features
of the invention. These key inventive features are be-
lieved to be applicable in a wide variety of systems com-
prising one or more embodiments of the invention. As
such, the drawings are not meant to include all conven-
tional features known by those of ordinary skill in the art
to be required for the practice of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] In the following specification and the claims,
which follow, reference will be made to a number of terms,
which shall be defined to have the following meanings.

[0029] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise.

[0030] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does not.
[0031] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about" and "substan-
tially", are not to be limited to the precise value specified.
In at least some instances, the approximating language
may correspond to the precision of an instrument for
measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined
and/or interchanged, such ranges are identified and in-
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clude all the sub-ranges contained therein unless context
or language indicates otherwise.

[0032] Asused herein, the term "supersonic compres-
sor rotor" refers to a compressor rotor comprising a su-
personic compression ramp disposed within a fluid flow
channel of the supersonic compressor rotor. Moreover,
supersonic compressor rotors are "supersonic" because
they are designed to rotate about an axis of rotation at
high speeds such that a moving fluid, for example a mov-
ing gas, encountering the rotating supersonic compres-
sor rotor at a supersonic compression ramp disposed
within a flow channel of the rotor, is said to have a relative
fluid velocity which is supersonic. The relative fluid ve-
locity can be defined in terms of the vector sum of the
rotor velocity at the supersonic compression ramp and
the fluid velocity just prior to encountering the supersonic
compression ramp. This relative fluid velocity is at times
referred to as the "local supersonic inlet velocity", which
in certain embodiments is a combination of an inlet gas
velocity and a tangential speed of a supersonic compres-
sion ramp disposed within a flow channel of the super-
sonic compressor rotor. The supersonic compressor ro-
tors are engineered for service at very high tangential
speeds, for example tangential speeds in a range of 300
meters/second to 800 meters/second.

[0033] The exemplary systems and methods de-
scribed herein overcome disadvantages of known super-
sonic compressors by providing supersonic compressor
rotor that increases an operating efficiency of a super-
sonic compressor system by reducing fluid flow losses
across the radially outer portions of the vanes. More spe-
cifically, the supersonic compression rotor includes a
shroud positioned over the radially outer tops of the
vanes, thereby separating the plurality of fluid flow paths
defined by adjacent vanes. Furthermore, axial and radial
sealing devices further reduce a potential for fluid flow
outside of predetermined fluid flow channels.

[0034] FIG. 1is a schematic view of an exemplary su-
personic compressor system 10. In the exemplary em-
bodiment, supersonic compressor system 10 includes
an intake section 12, a compressor section 14 coupled
downstream from intake section 12, a discharge section
16 coupled downstream from compressor section 14,
and a drive assembly 18. Compressor section 14 is cou-
pled to drive assembly 18 by a rotor assembly 20 that
includes a drive shaft 22. In the exemplary embodiment,
each of intake section 12, compressor section 14, and
discharge section 16 are positioned within a compressor
housing 24. More specifically, compressor housing 24
includes a fluid inlet 26, a fluid outlet 28, and an inner
surface 30 that defines a cavity 32. Cavity 32 extends
between fluid inlet 26 and fluid outlet 28 and is configured
to channel a fluid from fluid inlet 26 to fluid outlet 28. Each
of intake section 12, compressor section 14, and dis-
charge section 16 are positioned within cavity 32. Alter-
natively, intake section 12 and/or discharge section 16
may not be positioned within compressor housing 24.
[0035] In the exemplary embodiment, fluid inlet 26 is
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configured to channel a flow of fluid from a fluid source
34 to intake section 12. The fluid may be any fluid such
as, for example a gas, a gas mixture, a particle-laden
gas, and/or a liquid-gas mixture. Intake section 12 is cou-
pled in flow communication with compressor section 14
for channeling fluid from fluid inlet 26 to compressor sec-
tion 14. Intake section 12 is configured to condition a fluid
flow having one or more predetermined parameters, such
as avelocity, a mass flow rate, a pressure, a temperature,
and/or any suitable flow parameter. In the exemplary em-
bodiment, intake section 12 includes an inlet guide vane
assembly 36 that is coupled to compressor housing 24
between fluid inlet 26 and compressor section 14 for
channeling fluid from fluid inlet 26 to compressor section
14. Inlet guide vane assembly 36 includes one or more
inlet guide vanes 38 that are stationary with respect to
compressor section 14.

[0036] Compressor section 14 is coupled between in-
take section 12 and discharge section 16 for channeling
at least a portion of fluid from intake section 12 to dis-
charge section 16. Compressor section 14 includes at
least one supersonic compressor rotor 40 that is rotatably
coupled to drive shaft 22. Supersonic compressor rotor
40 is configured to increase a pressure of fluid, reduce
a volume of fluid, and/or increase a temperature of fluid
being channeled to discharge section 16. Discharge sec-
tion 16 includes an outlet guide vane assembly 42 that
is coupled to compressor housing 24 between superson-
ic compressor 10 and fluid outlet 28 for channeling fluid
from supersonic compressor 10 to fluid outlet 28. Outlet
guide vane assembly 42 includes one or more outlet
guide vanes 43 that are stationary with respect to com-
pressor section 14. Fluid outlet 28 is configured to chan-
nel fluid from outlet guide vane assembly 42 and/or su-
personic compressor 10 to an output system 44 such as,
for example, a turbine engine system, a fluid treatment
system, and/or a fluid storage system. Drive assembly
18 is configured to rotate drive shaft 22 to cause arotation
of supersonic compressor rotor 40.

[0037] During operation, intake section 12 channels
fluid from fluid source 34 towards compressor section
14. Compressor section 14 compresses the fluid and dis-
charges the compressed fluid towards discharge section
16. Discharge section 16 channels the compressed fluid
from compressor section 14 to output system 44 through
fluid outlet 28.

[0038] Fig. 2 is a perspective view of an exemplary
supersonic compressor rotor 40 that may be used with
supersonic compressor system 10 (shown in Fig. 1). Fig.
3 is an enlarged top view of a portion of supersonic com-
pressor rotor 40 taken along line 3-3 (shown in Fig. 2).
Identical components shown in Fig. 3 are labeled with
the same reference numbers used in Fig. 2. In the ex-
emplary embodiment, supersonic compressor rotor 40
includes a plurality of vanes 46 that are coupled to a rotor
disk 48. Rotor disk 48 includes an annular disk body 50
that defines a centerline axis 54 and includes a radially
inner surface 56 and a radially outer surface 58. Radially
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inner surface 56 defines a rotor cavity 55 that is substan-
tially cylindrical in shape and is oriented about centerline
axis 54. Drive shaft 22 (shown in Fig. 1) is rotatably cou-
pled to rotor disk 48 via rotor cavity 55 through which
drive shaft 22 is inserted.

[0039] Also, in the exemplary embodiment, rotor disk
48 includes an upstream surface 158, a downstream sur-
face 160, and extends between upstream surface 158
and downstream surface 160 in axial direction 66. Each
of upstream surface 158 and downstream surface 160
extends between radially inner surface 56 and radially
outer surface 58. Radially outer surface 58 extends cir-
cumferentially about rotor disk 48, and between up-
stream surface 158 and downstream surface 160. Radi-
ally outer surface 58 has a width 162 defined in axial
direction 66.

[0040] Further, in the exemplary embodiment, each
vane 46 is coupled to radially outer surface 58 and ex-
tends outwardly therefrom in a radial direction 64 that is
generally orthogonal to centerline axis 54. Each vane 46
is coupled to radially outer surface 58 and extends cir-
cumferentially about rotor disk 48 in a helical shape. Each
vane 46 includes an inlet edge 68 and an outlet edge 70.
[0041] Moreover, in the exemplary embodiment, su-
personic compressor rotor 40 includes a pair 74 of vanes
46. Each vane 46 is oriented to define an inlet opening
76, an outlet opening 78, and a fluid flow channel 80
between each pair 74 of axially adjacent vanes 46. Fluid
flow channel 80 extends between inlet opening 76 and
outlet opening 78 and defines a flow path, represented
by arrow 164, from inlet opening 76 to outlet opening 78.
Flow path 164 is oriented generally parallel to vane 46.
Fluid flow channel 80 is sized, shaped, and oriented to
channel fluid along flow path 164 from inlet opening 76
to outlet opening 78 in a generally axial direction 66. Inlet
opening 76 is defined between adjacent inlet edges 68
of adjacent vanes 46. Outlet opening 78 is defined be-
tween adjacent outlet edges 70 of adjacent vanes 46.
Each pair 74 of vanes 46 are oriented such that inlet
opening 76 is defined at upstream surface 158 and outlet
opening 78 is defined at downstream surface 160. Vane
46 extends circumferentially between inlet edge 68 and
outlet edge 70 along radially outer surface 58 such that
vane 46 extends radially outward from radially outer sur-
face 58 in radial direction 64.

[0042] Referring to Fig. 3, in the exemplary embodi-
ment, at least one supersonic compression ramp 98 is
positioned within fluid flow channel 80. Supersonic com-
pression ramp 98 is positioned between inlet opening 76
and outlet opening 78, and is sized, shaped, and oriented
to enable one or more compression waves (not shown)
to form within fluid flow channel 80.

[0043] Referringtoboth Figs.2and 3, during operation
of supersonic compressor rotor 40, intake section 12
(shown in Fig. 1) channels a fluid 102 towards inlet open-
ing 76 of fluid flow channel 80. Fluid 102 includes a first,
or approach velocity, just prior to entering inlet opening
76. Supersonic compressor rotor 40 is rotated about cen-
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terline axis 54 at a second, or rotational velocity, repre-
sented by directional arrow 104, such that fluid 102 en-
tering fluid flow channel 80 includes a third, or inlet ve-
locity at inlet opening 76 that is supersonic with respect
to supersonic compressor rotor 40. As fluid 102 is being
channeled through fluid flow channel 80 at a supersonic
velocity, supersonic compression ramp 98 enables
shockwaves (not shown in Figs. 2 and 3) to form within
fluid flow channel 80 to facilitate compressing fluid 102,
such that fluid 102 includes an increased pressure and
temperature, and/or includes a reduced volume at outlet
opening 78.

[0044] In the exemplary embodiment, each vane 46
includes a pressure side 106 and an opposing suction
side 108. Each pressure side 106 and suction side 108
extends between inlet edge 68 and outlet edge 70. More-
over, each vane 46 is spaced circumferentially about ra-
dially outer surface 58 such that fluid flow channel 80 is
oriented generally axially between inlet opening 76 and
outlet opening 78. Each inlet opening 76 extends be-
tween a pressure side 106 and an adjacent suction side
108 of vane 46 at inlet edge 68. Each outlet opening 78
extends between pressure side 106 and an adjacent suc-
tion side 108 at outlet edge 70. Moreover, each vane 46
includes a radially outermost portion 107 of each of vanes
46 extending between pressure side 106 and suction side
108.

[0045] Also, in the exemplary embodiment, fluid flow
channel 80 includes a passage width 166 that is defined
between pressure side 106 and adjacent suction side
108 of vanes 46 and is substantially perpendicular to axial
flow path 164. Inlet opening 76 has a first passage width
168 that is larger than a second passage width 170 of
outlet opening 78. Alternatively, first passage width 168
of inlet opening 76 may be less than, or equal to, second
passage width 170 of outlet opening 78.

[0046] Further, in the exemplary embodiment, super-
sonic compressor rotor 40 includes a shroud 200 that
extends about at least a portion of rotor disk 48. For pur-
poses of clarity, shroud 200 is illustrated as transparent
to facilitate showing components radially below shroud
200. Shroud 200is coupled to a radially outermost portion
107 of each of vanes 46 and extends between upstream
surface 158 and downstream surface 160 in axial direc-
tion 66. Each fluid flow channel 80 is further defmed by
shroud 200 in addition to pressure side 106 of afirst vane
46, an opposing suction side 108 of an adjacent second
vane 46, and radially outer surface 58. Supersonic com-
pression rotor 40 also includes two annular fluid inlet pas-
sages 202. An upstream annular fluid inlet passage 202
is defined by upstream surface 158 and shroud 200. A
downstream annular fluid inlet passage 202 is defined
by downstream surface 160 and shroud 200. Each of
inlet passages 202 defines a radial opening length 204
that has any value that enables operation of compressor
rotor 40 as described herein.

[0047] In the exemplary embodiment, shroud portions
200 includes an axially upstream surface 208, an axially
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downstream surface 210, a radially outer surface 212,
and a plurality of radially inner surfaces 214. Axially up-
stream surface 208 and axially downstream surface 210
are oriented generally perpendicular to axial direction ar-
row 66. Also, inthe exemplary embodiment, radially outer
surface 212 and radially inner surfaces 214 are substan-
tially concentric with radially outer surface 58. Further, in
the exemplary embodiment, radially outer surface 58 is
concentrically oriented about inner surface 30 within cav-
ity 32 (both shown in Fig. 1). Alternatively, radially outer
surface 212 and radially inner surfaces 214 may be either
converging or diverging with respect to radially outer sur-
face 58 and/or inner surface 30.

[0048] Moreover, in the exemplary embodiment,
shroud 200 is manufactured as a unitary piece by meth-
ods that include, without limitation, forging and casting.
Alternatively, shroud 200 is fabricated from a plurality of
shroud components (none shown) that are coupled to
each other by fabrication methods that include, without
limitation, welding and brazing.

[0049] Also, in the exemplary embodiment, axially up-
stream surface 208 is formed such that portions of sur-
face 208 adjacent upstream surface 158 are aligned with
surface 158 such that axially upstream surface 208 does
not axially extend upstream of surface 158. Similarly, ax-
ially downstream surface 210 is formed such that portions
of surface 210 adjacent downstream surface 160 are
aligned with surface 160 such that axially downstream
surface 210 does not axially extend downstream of sur-
face 160.

[0050] Further, in the exemplary embodiment, radially
inner surfaces 214 are the portions of shroud 200 that
cooperate with pressure sides 106, suction sides 108,
and radially outer surface 58 to define fluid flow channel
80.

[0051] Fig. 4 is a schematic view of a portion of fluid
flow channel 80 that may be used with supersonic com-
pressor rotor 40 (shown in Figs. 2 and 3). Fig. 5 is a top
view of the portion of fluid flow channel 80. For clarity,
shroud 200 is not shown in Fig. 5. Fig. 6 is a channel-
wise view of the portion of fluid flow channel 80 shown
in Figs. 4 and 5 and taken along line 6-6. For purposes
of clarity, Figs. 4, 5, and 6 show fluid flow channel 80 as
relatively linear, however, as shown in Figs. 2 and 3, and
described above, fluid flow channel 80 is substantially
arcual as it circumscribes radially outer surface 58.
[0052] Inthe exemplary embodiment, a plurality of su-
personic compression ramps 98 are positioned within flu-
id flow channel 80. Figs. 4, 5, and 6 show a first com-
pression ramp 98 for clarity and multiple compression
ramps 98 are discussed further below. In the exemplary
embodiment, compression ramp 98 is coupled to radially
outer surface 58. Alternatively, compression ramp 98 is
coupled to pressure side 106 of any vane 46 that defines
fluid flow path 80, suction side 108 of any adjacent vane
46 that defines fluid flow channel 80, and/or radially inner
surfaces 214.

[0053] Moreover, in the exemplary embodiment, su-
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personic compression ramp 98 includes a compression
surface 126 and a diverging surface 128. Compression
surface 126 includes a first, or leading edge 130 and a
second, or trailing edge 132. Leading edge 130 is posi-
tioned closer to inlet opening 76 than trailing edge 132.
Compression surface 126 extends between leading edge
130 and trailing edge 132 and is oriented at an oblique
angle (not shown) from radially outer surface 58 into flow
path 164. Compression surface 126 converges towards
radially inner surfaces 214 such that a compression re-
gion 136 is defmed between leading edge 130 and trailing
edge 132. Compression region 136 includes a cross-sec-
tional area (not shown) of flow channel 80 that is reduced
along flow path 164 from leading edge 130 to trailing
edge 132. Trailing edge 132 of compression surface 126
defines throat region 124. Throat region 124 as shown
in Figs. 4, 5, and 6 defines a first throat channel height
H, and a first throat channel width W, wherein height
H, and width W, are used as references for further dis-
cussion below.

[0054] Diverging surface 128 is coupled to compres-
sion surface 126 and extends downstream from com-
pression surface 126 towards outlet opening 78. Diverg-
ing surface 128 includes a first end 140 and a second
end 142 that is closer to outlet opening 78 than first end
140. First end 140 of diverging surface 128 is coupled to
trailing edge 132 of compression surface 126. Diverging
surface 128 extends between first end 140 and second
end 142 and is oriented at an oblique angle (not shown)
from second end 142 of compression surface 126 to-
wards radially outer surface 58. Diverging surface 128
defines a diverging region 146 that includes a diverging
cross-sectional area (not shown) thatincreases from sec-
ond end 132 of compression surface 126 to outlet open-
ing 78. Diverging region 146 extends from throat region
124 to outlet opening 78. In an alternative embodiment,
supersonic compression ramp 98 does not include di-
verging surface 128. In this alternative embodiment, trail-
ing edge 132 of compression surface 126 is positioned
adjacent outletedge 70 of vane 46 such that throat region
124 is defmed adjacent outlet opening 78.

[0055] During operation of supersonic compressor ro-
tor 40, fluid 102 is channeled from fluid inlet 26 (shown
in Fig. 1) into inlet opening 76 at a first velocity that is
supersonic with respect to rotor disk 48 (shown in Figs.
2 and 3). Fluid 102 entering fluid flow channel 80 from
fluid inlet 26 (shown in Fig. 1) contacts leading edge 130
of supersonic compression ramp 98 to form afirst oblique
shockwave 152. Compression region 136 of supersonic
compression ramp 98 is configured to cause first oblique
shockwave 152 to be oriented at an oblique angle with
respect to flow path 164 from leading edge 130 towards
adjacent vane 46, and into flow channel 80. As first ob-
lique shockwave 152 contacts radially inner surfaces
214, a second oblique shockwave 154 is reflected from
radially inner surfaces 214 at an oblique angle with re-
spect to flow path 164, and towards throat region 124 of
supersonic compression ramp 98. In one embodiment,
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compression surface 126 is oriented to cause second
oblique shockwave 154 to extend from first oblique
shockwave 152 at radially inner surfaces 214 to trailing
edge 132thatdefines throat region 124. Supersonic com-
pression ramp 98 is configured to cause each first oblique
shockwave 152 and second oblique shockwave 154 to
form within compression region 136. In addition, com-
pression ramp 98 may also be configured to cause ad-
ditional shockwaves 155.

[0056] As flow channel 80 channels fluid 102 through
compression region 136, a velocity of fluid 102 is reduced
as fluid 102 passes through each first oblique shockwave
152 and second oblique shockwave 154. Moreover, a
pressure of fluid 102 is increased, and a volume of fluid
102 is decreased as fluid 102 is channeled through com-
pression region 136. In the exemplary embodiment, as
fluid 102 is channeled through throat region 124, super-
sonic compression ramp 98 is configured to condition
fluid 102 being channeled through compression region
136 to include a second, or outlet velocity in diverging
region 146 that is supersonic with respect to rotor disk
48. Supersonic compression ramp 98 is further config-
ured to cause a normal shockwave 156 to form down-
stream of throat region 124 and within flow channel 80.
Normal shockwave 156 is a shockwave oriented perpen-
dicular to flow path 164 and reduces a velocity of fluid
102 to a subsonic velocity with respect to rotor disk 48
as fluid passes through normal shockwave 156 and sub-
sequently exits flow channel 80 via outlet opening 78.
[0057] Fig. 7 is a schematic view of a portion of fluid
flow channel 80 that may be used with supersonic com-
pressor rotor 40 (shown in Figs. 2 and 3). Fig. 8 is a
channel-wise view of the portion of fluid flow channel 80
taken along line 8-8 (shown in Fig. 7). As described
above, Figs. 7 and 8 show fluid flow channel 80 as rela-
tively linear, however, fluid flow channel 80 is substan-
tially arcual as it circumscribes radially outer surface 58.
[0058] In the exemplary embodiment, as shown in
Figs. 7 and 8, a pair of opposing supersonic compression
ramps 98 are positioned within fluid flow channel 80. A
first compression ramp 98 is coupled to radially outer
surface 58 as described above and a second, opposing
compression ramp 98 is coupled to radially inner surfaces
214. Alternatively, opposing compression ramps 98 are
coupled to pressure side 106 of a vane 46 that defines
fluid flow path 80 and an opposing suction side 108 of
an adjacent vane 46 that defines fluid flow channel 80.
[0059] Compressionramps 98 are substantially similar
and cooperate to define a throat region 124 that, as
shown in Figs. 7 and 8, defines a second throat channel
height H, and a second throat channel width W,, wherein
height H, is less than height H4 (shown in Figs. 4 and 6)
and width W, is substantially similar to width W, (shown
in Figs. 5 and 6). Such configuration with height H, and
width W, facilitates increased pressures within fluid flow
channel 80 as compared to the configuration with height
H, and width W,. However, such smaller dimensions may
restrict fluid flow rates therethrough, and a predetermined
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balance between fluid pressurization and fluid through-
put is established. Alternatively, height H, is equal to or
greater than height H; and width W, is equal to or greater
than width W4, thereby also establishing a predetermined
balance between fluid pressurization and fluid through-
put. Therefore, height H, and width W, have any values
that enable operation of supersonic compressor rotor 40
as described herein.

[0060] Alternative embodiments may include axially
opposing supersonic compression ramps 98, wherein a
first supersonic compression ramp 98 is coupled to pres-
sure side 106 of a first vane 46 and a second supersonic
compression ramp 98 is coupled to opposing suction side
108 of a second adjacent vane 46.

[0061] During operation of supersonic compressor ro-
tor 40 and fluid flow channel 80 with two opposing su-
personic compression ramps 98, fluid 102 is channeled
from fluid inlet 26 (shown in Fig. 1) into inlet opening 76
at a first velocity that is supersonic with respect to rotor
disk 48 (shown in Figs. 2 and 3). Fluid 102 entering fluid
flow channel 80 from fluid inlet 26 (shown in Fig. 1) con-
tacts each opposing leading edge 130 of both opposing
supersonic compression ramps 98 to form first opposing
oblique shockwaves 152, such opposing shockwaves
152 substantially reflect off of each other as described
further below. As each first oblique shockwave 152 con-
tacts opposing compression surfaces 126, a pair of op-
posing second oblique shockwaves 154 are reflected
from opposing compression surfaces 126 towards the
opposing supersonic compression ramp 98. As de-
scribed further below, second oblique shockwaves 154
are attenuated as compared to embodiments with only
one supersonic compression ramp 98, as described
above.

[0062] As fluid flow channel 80 channels fluid 102
through compression region 136, a velocity of fluid 102
is reduced as fluid 102 passes through each opposing
first oblique shockwave 152 and second oblique shock-
wave 154. Moreover, a pressure of fluid 102 is increased,
and a volume of fluid 102 is decreased as fluid 102 is
channeled through compression region 136. In the ex-
emplary embodiment, as fluid 102 is channeled through
throat region 124, opposing supersonic compression
ramps 98 are configured to condition fluid 102 being
channeled through compression region 136 to include a
second, or outlet velocity in diverging region 146 that is
supersonic with respect to rotor disk 48. Opposing su-
personic compression ramps 98 are further configured
to cooperate to cause a normal shockwave 156 to form
downstream of throat region 124 and within flow channel
80. Normal shockwave 156 reduces a velocity of fluid
102 to a subsonic velocity with respect to rotor disk 48
as fluid passes through normal shockwave 156 and sub-
sequently exits flow channel 80 via outlet opening 78.
[0063] In general, opposing shockwaves interact with
each other to decrease internal parasitic losses within
the compression cycle due to the flow field distortion re-
sulting from boundary layers and shock boundary layer
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interactions. Such losses due to shock-boundary layer
interaction may be significant. Moreover, in addition to
the aforementioned losses, an effective cross-sectional
area of the fluid flow channel used for supersonic com-
pression is effectively decreased due to shock-boundary
layer interaction and flow separation. In the exemplary
embodiment, opposing supersonic compression ramps
98 form a pair of first opposing oblique shockwaves 152
and a pair of reflected, opposing second oblique shock-
waves 154. That is, two oblique shocks, instead of one
are generated and they reflect from each other instead
of reflecting from opposing surfaces. Such interaction be-
tween opposing shockwaves significantly reduces shock
reflection from the opposing surfaces, thereby signifi-
cantly reducing associated shock-boundary layer inter-
action and boundary layer losses thereof. Therefore, use
of opposing shockwaves as described herein effectively
reduces such parasitic losses induced by opposing sur-
face interactions with the shockwaves, thereby increas-
ing an effective flow area within the supersonic compres-
sor rotor’s fluid flow channel. Moreover, decreasing such
losses increases an efficiency of the supersonic com-
pressor, thereby increasing a flow capacity and a pres-
surization ratio of the supersonic compressor, and there-
by decreasing a value of compressor footprint per unit
flow volume.

[0064] Fig. 9 is a schematic view of a portion of fluid
flow channel 80 that may be used with supersonic com-
pressor rotor 40 (shown in Figs. 2 and 3). Fig. 10 is a
channel-wise view of the portion of fluid flow channel 80
taken along line 10-10 (shown in Fig. 9). As described
above, Figs. 9 and 10 show fluid flow channel 80 as rel-
atively linear, however, fluid flow channel 80 is substan-
tially arcual as it circumscribes radially outer surface 58.
[0065] Inthe exemplary embodiment, a plurality of su-
personic compression ramps 98 are positioned within flu-
id flow channel 80. Figs. 9 and 10 show adjacent com-
pression ramps 98. A first compression ramp 98 is cou-
pled to radially outer surface 58 as described above.
Moreover, in the exemplary embodiment, a second, ad-
jacent compression ramp 98 is coupled to pressure side
106 of a vane 46 and radially inner surface 214 of shroud
200, thereby defining fluid flow channel 80. Each of com-
pression ramps 98 are substantially similar. Adjacent
compression surfaces 126 form a two-sided compres-
sion surface 226. Similarly, adjacent diverging surfaces
128 form a two-sided divergent surface 228. Further, ad-
jacentthroat regions 124 define a two-sided throat region
224.

[0066] Also, in the exemplary embodiment, and as
shown in Figs. 9 and 10, throat region 224 defines a third
throat channel height H3 and a third throat channel width
W3, wherein height Hs is less than height H; (shown in
Figs. 4 and 6) and width W is less than width W, (shown
in Figs. 5 and 6). In a manner similar to that described
for the opposing ramp embodiment shown in Figs. 7 and
8, use of adjacent supersonic compression ramps 98 with
height H; and width W; facilitates increased pressures
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within fluid flow channel 80 as compared to the configu-
ration with height H, and width W,. However, such small-
er dimensions may restrict fluid flow rates therethrough,
and a predetermined balance between fluid pressuriza-
tion and fluid throughput is established. Alternatively,
height Hj is equal to or greater than height H, and width
W3 is equal to or greater than width W,, thereby also
establishing a predetermined balance between fluid
pressurization and fluid throughput. Therefore, height Hs
and width W5 have any values that enable operation of
supersonic compressor rotor 40 as described herein.
[0067] During operation of supersonic compressor ro-
tor 40 and fluid flow channel 80 with two adjacent super-
sonic compression ramps 98, fluid 102 is channeled from
fluid inlet 26 (shown in Fig. 1) into inlet opening 76 at a
first velocity that is supersonic with respect to rotor disk
48 (shown in Figs. 2 and 3). Fluid 102 entering fluid flow
channel 80 from fluid inlet 26 (shown in Fig. 1) contacts
each adjacent leading edge 130 of both adjacent super-
sonic compression ramps 98 to form first adjacent ob-
lique shockwaves 152, such adjacent shockwaves 152
substantially passing through each other as described
further below. As each first oblique shockwave 152 con-
tacts radially inner surfaces 214 and suction side 108 of
a vane 46 that defines fluid flow channel 80, a pair of
adjacent second oblique shockwaves 154 are reflected
from radially inner surfaces 214 and suction side 108
towards each respective supersonic compression ramp
98. As described further below, the second oblique
shockwaves 154 associated with adjacent supersonic
compression ramps 98 are attenuated as compared to
embodiments with only one supersonic compression
ramp 98, as described above.

[0068] As fluid flow channel 80 channels fluid 102
through compression region 136, a velocity of fluid 102
is reduced as fluid 102 passes through each opposing
first oblique shockwave 152 and second oblique shock-
wave 154. Moreover, a pressure of fluid 102 is increased,
and a volume of fluid 102 is decreased as fluid 102 is
channeled through compression region 136. In the ex-
emplary embodiment, as fluid 102 is channeled through
throat region 224, adjacent supersonic compression
ramps 98 are configured to condition fluid 102 being
channeled through compression region 136 to include a
second, or outlet velocity in diverging region 146 that is
supersonic with respect to rotor disk 48. Adjacent super-
sonic compression ramps 98 are further configured to
cooperate to cause a normal shockwave (not shown in
Figs. 9 and 10) to form downstream of throat region 224
and within flow channel 80. The normal shockwave re-
duces a velocity of fluid 102 to a subsonic velocity with
respect to rotor disk 48 as fluid passes through the normal
shockwave and subsequently exits flow channel 80 via
outlet opening 78.

[0069] As described above for opposing shockwaves,
in general, adjacent shockwaves interact with each other
to decrease internal parasitic losses within the compres-
sion cycle due to the flow field distortion resulting from
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boundary layers and shock boundary layer interactions.
In the exemplary embodiment, adjacent supersonic com-
pression ramps 98 form a pair of first adjacent oblique
shockwaves 152 and a pair of reflected, adjacent second
oblique shockwaves 154. That is, two oblique shocks,
instead of one are generated and they reflect from each
other instead of reflecting from opposing surfaces. Such
interaction between adjacent shockwaves significantly
reduces shock reflection from the opposing surfaces,
thereby significantly reducing associated shock-bound-
ary layer interaction and boundary layer losses thereof.
Therefore, use of adjacent shockwaves as described
herein effectively reduces such parasitic losses induced
by opposing surface interactions with the shockwaves,
thereby increasing an effective flow area within the su-
personic compressor rotor’s fluid flow channel. Moreo-
ver, decreasing such losses increases an efficiency of
the supersonic compressor, thereby increasing a flow
capacity and a pressurization ratio of the supersonic
compressor, and thereby decreasing a value of compres-
sor footprint per unit flow volume.

[0070] Fig. 11 is a schematic view of a portion of fluid
flow channel 80 that may be used with supersonic com-
pressor rotor 40 (shown in Figs. 2 and 3). Fig. 12 is a
channel-wise view of the portion of fluid flow channel 80
taken along line 12-12 (shown in Fig. 11). As described
above, Figs. 11 and 12 show fluid flow channel 80 as
relatively linear, however, fluid flow channel 80 is sub-
stantially arcual as it circumscribes radially outer surface
58.

[0071] Inthe exemplary embodiment, a plurality of su-
personic compression ramps 98 are positioned within flu-
id flow channel 80. Figs. 11 and 12 show three supersonic
compression ramps 98, wherein there are two opposing
supersonic compression ramps 98 and a third compres-
sion ramp 98 that contacts each of the opposing com-
pression ramps 98. A first compression ramp 98 is cou-
pled to radially outer surface 58. Moreover, in the exem-
plary embodiment, a second compression ramp 98 is
coupled to pressure side 106 of a vane 46 and radially
inner surface 214 of shroud 200, thereby partially de-
fming fluid flow channel 80. Further, in the exemplary
embodiment, a third compression ramp 98 is coupled to
suction side 108 of a vane 46 and radially inner surface
214 of shroud 200, thereby further defining fluid flow
channel 80. First and second pressure ramps 98 are ad-
jacent, first and third pressure ramps 98 are adjacent,
and second and third pressure ramps 98 are opposing.
The plurality of compression surfaces 126 form a three-
sided compression surface 326. Similarly, the plurality of
diverging surfaces 128 form a three-sided divergent sur-
face 328. Further, the plurality of throat regions 124 de-
fine a three-sided throat region 324.

[0072] Also, in the exemplary embodiment, and as
shown in Figs. 11 and 12, throat region 324 defines a
fourth throat channel height H, and a fourth throat chan-
nel width W,, wherein height H, is less than height H,
(shown in Figs. 4 and 6) and width W, is less than width
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W, (shown in Figs. 5 and 6). In a manner similar to that
described for the opposing ramp embodiment shown in
Figs. 7 and 8 and adjacent ramp embodiment shown in
Figs. 9 and 10, use of adjacent and opposing supersonic
compression ramps 98 facilitates increasing pressures
within fluid flow channel 80 as compared to the configu-
ration with height H, and width W,. However, such small-
er dimensions may restrict fluid flow rates therethrough,
and a predetermined balance between fluid pressuriza-
tion and fluid throughput is established. Alternatively,
height H, is equal to or greater than height H; and width
W, is equal to or greater than width W,, thereby also
establishing a predetermined balance between fluid
pressurization and fluid throughput. Therefore, height H,
and width W, have any values that enable operation of
supersonic compressor rotor 40 as described herein.
[0073] During operation of supersonic compressor ro-
tor 40 and fluid flow channel 80 with three supersonic
compression ramps 98, fluid 102 is channeled from fluid
inlet 26 (shown in Fig. 1) into inlet opening 76 at a first
velocity that is supersonic with respect to rotor disk 48
(shown in Figs. 2 and 3). Fluid 102 entering fluid flow
channel 80 from fluid inlet 26 (shown in Fig. 1) contacts
each adjacent leading edge 130 of the three supersonic
compression ramps 98 to form first adjacent oblique
shockwaves 152. Such adjacent shockwaves 152 sub-
stantially pass through each other as described further
below. As each first oblique shockwave 152 contacts an
opposing supersonic compression ramp 98 and/or radi-
ally inner surfaces 214, three second oblique shock-
waves 154 are reflected from radially inner surfaces 214
and opposing supersonic compression ramp 98 towards
each respective supersonic compression ramp 98. As
described further below, the second oblique shockwaves
154 associated with the three supersonic compression
ramps 98 are attenuated as compared to embodiments
with only one supersonic compression ramp 98, as de-
scribed above.

[0074] As fluid flow channel 80 channels fluid 102
through compression region 136, a velocity of fluid 102
is reduced as fluid 102 passes through each first oblique
shockwave 152 and second oblique shockwave 154.
Moreover, a pressure of fluid 102 is increased, and a
volume of fluid 102 is decreased as fluid 102 passes
through compression region 136. In the exemplary em-
bodiment, as fluid 102 passes through throat region 324,
supersonic compression ramps 98 are configured to con-
dition fluid 102 passing through compression region 136
to include a second, or outlet velocity in diverging region
146 that is supersonic with respect to rotor disk 48. Su-
personic compression ramps 98 are further configured
to cooperate to cause a normal shockwave (not shown
in Figs. 11 and 12) to form downstream of throat region
324 and within flow channel 80. The normal shockwave
reduces a velocity of fluid 102 to a subsonic velocity with
respect to rotor disk 48 as fluid passes through the normal
shockwave and subsequently exits flow channel 80 via
outlet opening 78.
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[0075] Fig. 13 is a channel-wise view of the portion of
fluid flow channel 80. In the exemplary embodiment, four
supersonic compression ramps 98 are positioned within
fluid flow channel 80. A first compression ramp 98 is cou-
pled to radially outer surface 58, a second compression
ramp 98 is coupled to pressure side 106 of a vane 46
defining fluid flow channel 80, a third compression ramp
98 is coupled to suction side 108 of a vane 46 defming
fluid flow channel 80, and a fourth compression ramp 98
is coupled to radially inner surfaces 214. The four super-
sonic compression ramps 98 are each adjacent and op-
posite to other supersonic compression ramps 98.
[0076] Eachcompressionramp 98 is substantially sim-
ilar. The plurality of compression surfaces 126 form a
four-sided compression surface 426. Similarly, the plu-
rality of diverging surfaces 128 form a four-sided diver-
gent surface (not shown). Further, the plurality of throat
regions 124 define a four-sided throat region 424. Throat
region 424 defines a fifth throat channel height Hs and a
fifth throat channel width Wg, wherein height Hg is less
than height H; (shown in Figs. 4 and 6) and width W5 is
less than width W, (shown in Figs. 5 and 6). In a manner
similar to that described for the opposing ramp embodi-
ment shown in Figs. 7 and 8 and adjacent ramp embod-
iment shown in Figs. 9 and 10, use of adjacent and op-
posing supersonic compression ramps 98 facilitates in-
creased pressures within fluid flow channel 80 as com-
pared to the configuration with height H; and width W,.
However, such smaller dimensions may restrict fluid flow
rates therethrough, and a predetermined balance be-
tween fluid pressurization and fluid throughput is estab-
lished. Alternatively, height Hy is equal to or greater than
height H, and width Wj is equal to or greater than width
W, thereby also establishing a predetermined balance
between fluid pressurization and fluid throughput. There-
fore, height Hs and width W have any values that enable
operation of supersonic compressor rotor 40 as de-
scribed herein.

[0077] During operation of supersonic compressor ro-
tor 40 and fluid flow channel 80 with three supersonic
compression ramps 98, fluid 102 is channeled from fluid
inlet 26 (shown in Fig. 1) into inlet opening 76 (shown in
Figs. 2 and 3) at a first velocity that is supersonic with
respect to rotor disk 48 (shown in Figs. 2 and 3). Fluid
102 entering fluid flow channel 80 from fluid inlet 26
(shown in Fig. 1) contacts each adjacent leading edge
130 of the four supersonic compression ramps 98 to form
first adjacent oblique shockwaves 152, such adjacent
shockwaves 152 substantially passing through each oth-
erasdescribed further below. As each first oblique shock-
wave 152 contacts an opposing supersonic compression
ramp 98, four second oblique shockwaves 154 are re-
flected from opposing supersonic compression ramp 98
towards each respective supersonic compression ramp
98. As described above, the second oblique shockwaves
154 associated with the three supersonic compression
ramps 98 are attenuated as compared to embodiments
with only one supersonic compression ramp 98, as de-
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scribed above.

[0078] As fluid flow channel 80 channels fluid 102
through compression region 136, a velocity of fluid 102
(shown in Fig. 3) is reduced as fluid 102 passes through
each first oblique shockwave 152 and second oblique
shockwave 154. Moreover, a pressure of fluid 102 is in-
creased, and a volume of fluid 102 is decreased as fluid
102 is channeled through compression region 136
(shown in Fig. 4). In the exemplary embodiment, as fluid
102 is channeled through throat region 424, supersonic
compression ramps 98 are configured to condition fluid
102 being channeled through compression region 136
to include a second, or outlet velocity in diverging region
146 (shown in Fig. 4) that is supersonic with respect to
rotor disk 48 (shown in Figs. 2 and 3). Supersonic com-
pression ramps 98 are further configured to cooperate
to cause a normal shockwave (not shown in Fig. 13) to
form downstream of throat region 424 and within flow
channel 80. The normal shockwave reduces a velocity
of fluid 102 to a subsonic velocity with respect to rotor
disk 48 as fluid passes through the normal shockwave
and subsequently exits flow channel 80 via outlet opening
78.

[0079] Fig. 14 is an enlarged top view of a portion of
supersonic compressor rotor 40 taken along line 14-14
(shown in Fig. 2). Fig. 15 is a schematic view of a portion
of supersonic compressor rotor 40 shown in Fig. 14. Fig.
16 is a schematic view of the portion of supersonic com-
pressor rotor 40 taken along line 16-16 (shown in Fig.
14). In the exemplary embodiment, shroud 200 is posi-
tioned between pressure side 106 of a vane 46 and suc-
tion side 108 of an adjacent vane 46. In the exemplary
embodiment, at least a portion of an axial sealing mech-
anism 500 is positioned on radially outer surface 212 of
shroud 200. Sealing mechanism 500 is any sealing
mechanism that enables operation of supersonic com-
pression system 10 (shown in Fig. 1) as described herein
including, without limitation, labyrinth teeth-type devices
and brush-type devices.

[0080] Sealing mechanism 500 includes a plurality of
radially inner portions of labyrinth teeth 502 that define
at least one channel 504 therebetween within compres-
sor housing 24. Sealing mechanism 500 also includes a
sealing strip 506 coupled to radially outer surface 212 of
shroud 200 by any method that enables operation of seal-
ing mechanism 500 as described herein, including, with-
out limitation, adhesives, fastening hardware, and inser-
tion into a channel defined within shroud 200 (neither
shown). Alternative embodiments of sealing mechanism
500 include using a brush strip rather than sealing strip
506, teeth 502, and channel 504, wherein the brush strip
is coupled to radially outer surface 212 of shroud 200 as
described above for sealing strip 506, and the brush strip
is positioned, oriented, and configured to gently contact
inner surface 30 of compressor housing 24.

[0081] In general, fluid leakage across radially outer-
most portion 107 of each of vanes 46 is one of the prin-
cipal sources of efficiency loss for supersonic compres-



19 EP 2 466 146 A2 20

sors, especially due to the large pressure gradients span-
ning vanes 46. Shroud 200 facilitates a reduction in such
fluid leakage. Moreover, sealing mechanism 500 facili-
tates a reduction in fluid flow losses within housing cavity
32 by decreasing a size of potential fluid flow paths be-
tween shroud 200 and inner housing surface 30 to those
tolerances between teeth 502 and strip 506. Moreover,
increasing the number of seals 506 and teeth 502 facil-
itates forming a more tortuous flow path, thereby further
decreasing a potential for fluid flow losses therein.
[0082] Fig. 17 is a schematic view of a portion of an
alternative supersonic compressor system 600. Fig. 18
is a schematic view of the portion of supersonic compres-
sor system 600 taken along line 18-18 (shown in Fig. 16).
In this alternative exemplary embodiment, system 600
includes supersonic compressor rotor 40 as described
above, including, without limitation, fluid flow channel 80
defined between rotor disk 48 and shroud 200. Also, in
this alternative embodiment, supersonic compressor
system 600 includes a compressor housing 624 that is
similar to compressor housing 24 (shown in Fig. 1) with
the exception that housing 624 includes a radially outer
upstream housing portion 625, a radially outer down-
stream housing portion 626, a radially inner upstream
housing portion 627, and a radially inner downstream
housing portion 628. Housing portions 625 and 627 de-
fine an upstream fluid flow channel 480 and housing por-
tions 626 and 628 define a downstream fluid flow channel
482. Fluid flow channels 680, 80, and 682 are coupled
in fluid communication. Radially inner upstream housing
portion 627 and rotor disk 48 define an upstream gap
629 and radially inner downstream housing portion 628
and rotor disk 48 define a downstream gap 630. Further,
in this alternative exemplary embodiment, shroud 200 is
axially positioned between housing portions 625 and 626.
Further, in this alternative embodiment, shroud 200 is
substantially radially flush with housing portions 625 and
626. Alternatively, shroud 200 extends radially inward
within, or radially outward beyond, housing 624.

[0083] In this alternative exemplary embodiment, su-
personic compressor system includes a plurality of sub-
stantially circular, radial seals 650, 652, 654, and 656.
Seal 650 is circumferentially positioned between radially
outer upstream housing portion 625 and shroud 200 and
facilitates a decrease in fluid flow from fluid flow channels
680 and 80 to an environment outside of housing 624.
Seal 652 is circumferentially positioned between radially
outer downstream housing portion 626 and shroud 200
and facilitates a decrease in fluid flow from fluid flow chan-
nels 80 and 682 to the environment outside of housing
624. Seal 654 is circumferentially positioned between ra-
dially inner upstream housing portion 627 and rotor disk
48 and facilitates a decrease in fluid flow from fluid flow
channels 680 and 80 into gap 629. Seal 656 is circum-
ferentially positioned between radially inner downstream
housing portion 628 and rotor disk 48 and facilitates a
decrease in fluid flow from fluid flow channels 80 and 682
into gap 630.
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[0084] In this alternative exemplary embodiment, in
operation, shroud 200 rotates about seals 650, 652, 654,
and 656 at relatively high rotational speeds as described
above. Therefore, seals 650, 652, 654, and 656 are op-
eratively coupled to shroud 200 and rotor disk 48 and
include any sealing devices that enable operation of su-
personic compressor system 600 as described herein.
Moreover, in this alternative exemplary embodiment, four
radial seals are used within supersonic compressor sys-
tem 600. Alternatively, any number of radial seals that
enable operation of supersonic compressor system 600
as described herein are used.

[0085] The above-described supersonic compressor
rotor provides a cost effective and reliable method for
increasing an efficiency of performance of supersonic
compressor systems during all phases of fluid compres-
sion operations. Moreover, the supersonic compressor
rotor facilitates increasing the operating efficiency of the
supersonic compressor system by reducing fluid flow
losses across the radially outer portions of the vanes.
More specifically, the supersonic compressor rotor in-
cludes a shroud positioned over the radially outer tops
of the vanes, thereby separating the plurality of fluid flow
paths defined by adjacent vanes. Also, more specifically,
the above-described supersonic compressor rotor in-
cludes sealing mechanisms positioned axially or radially
between the shroud and the rotor housing to reduce flow
losses within the rotor housing.

[0086] Exemplary embodiments of systems and meth-
ods for assembling and operating a supersonic compres-
sor rotor are described above in detail. The systems and
methods are not limited to the specific embodiments de-
scribed herein, butrather, components of systems and/or
steps of the method may be utilized independently and
separately from other components and/or steps de-
scribed herein. For example, the systems and methods
may also be used in combination with other rotary engine
systems and methods, and are not limited to practice with
only the supersonic compressor system as described
herein. Rather, the exemplary embodiment can be im-
plemented and utilized in connection with many other
rotary system applications.

[0087] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. Moreover,
references to "one embodiment" in the above description
are not intended to be interpreted as excluding the ex-
istence of additional embodiments that also incorporate
the recited features. In accordance with the principles of
the invention, any feature of a drawing may be referenced
and/or claimed in combination with any feature of any
other drawing.

[0088] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
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may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

[0089] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A supersonic compressor comprising:
a fluid inlet;
a fluid outlet;

a fluid conduit extending between said fluid inlet
and said fluid outlet;

at least one supersonic compressor rotor dis-
posed within said fluid conduit of said supersonic
compressor comprising:

atleast one rotor disk comprising a substan-
tially cylindrical body extending between a
radially inner surface and a radially outer
surface;

a plurality of vanes coupled to said body,
said vanes extending radially outward from
said at least one rotor disk, adjacent said
vanes forming a pair;

a shroud extending about at least a portion
of said at least one rotor disk, said shroud
coupled to at least a portion of each of said
plurality of vanes, wherein said radially out-
er surface, said pair of adjacent vanes, and
said shroud are oriented such that a fluid
flow channel is defined therebetween, said
fluid flow channel comprises a fluid inlet
opening and a fluid outlet opening; and

a plurality of adjacent supersonic compres-
sion ramps positioned within said fluid flow
channel, each of said plurality of adjacent
supersonic compression ramps configured
to condition a fluid being channeled through
said fluid flow channel such that the fluid is
characterized by a first velocity at said inlet
opening and a second velocity at said outlet
opening, said first velocity being supersonic
with respect to said rotor disk surfaces; and

a casing extending about at least a portion
of said shroud.
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2. The supersonic compressor according to Clause
1, wherein said plurality of adjacent supersonic com-
pression ramps comprise at least one of:

two adjacent ramps;

three adjacent ramps; and

four adjacent ramps.
3. The supersonic compressor according to Clause
1 or Clause 2, wherein said plurality of adjacent su-

personic compression ramps comprise:

at least one axial compression ramp coupled to
at least one radial compression ramp;

at least one axial throat portion coupled to at
least one radial throat portion;

and

at least one axial diverging portion coupled to at
least one radial diverging portion.

4. The supersonic compressor according to any pre-
ceding Clause, wherein said plurality of adjacent su-
personic compression ramps are configured to form:

a plurality of axial oblique shockwaves; and

a plurality of radial oblique shock waves.
5. The supersonic compressor according to any pre-
ceding Clause, wherein said shroud comprises at
least one sealing mechanism coupled thereto.
6. The supersonic compressor according to any pre-
ceding Clause, wherein said at least one sealing
mechanism comprises at least one of:

at least one axial seal; and

at least one radial seal.
7. The supersonic compressor according to any pre-
ceding Clause, wherein said at least one radial seal
extends radially between at least one of:

said casing and said shroud; and

said casing and said at least one rotor disk.
8. The supersonic compressor according to any pre-
ceding Clause, wherein at least a portion of one of
said plurality of supersonic compression ramps is

coupled to said shroud.

9. A supersonic compressor rotor comprising:
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at least one rotor disk comprising a substantially
cylindrical body extending between aradially in-
ner surface and a radially outer surface;

a plurality of vanes coupled to said body, said
vanes extending radially outward from said at
least one rotor disk, adjacent said vanes forming
a pair;

a shroud extending about at least a portion of
said at least one rotor disk, said shroud coupled
to at least a portion of each of said plurality of
vanes, wherein said radially outer surface, said
pair of adjacent vanes, and said shroud are ori-
ented such that a fluid flow channel is defined
therebetween, said fluid flow channel comprises
a fluid inlet opening and a fluid outlet opening;
and

a plurality of adjacent supersonic compression
ramps positioned within said fluid flow channel,
each of said plurality of adjacent supersonic
compression ramps configured to condition a
fluid being channeled through said fluid flow
channel such that the fluid is characterized by a
first velocity at said inlet opening and a second
velocity at said outlet opening, said first velocity
being supersonic with respect to said rotor disk
surfaces.

10. The supersonic compressor rotor according to
any preceding Clause, wherein said plurality of ad-
jacent supersonic compression ramps comprise at
least one of:

two adjacent ramps;

three adjacent ramps; and

four adjacent ramps.
11. The supersonic compressor rotor according to
any preceding Clause, wherein said plurality of ad-

jacent supersonic compression ramps comprise:

at least one axial compression ramp coupled to
at least one radial compression ramp;

at least one axial throat portion coupled to at
least one radial throat portion;
and

at least one axial diverging portion coupled to at
least one radial diverging portion.

12. The supersonic compressor rotor according to
any preceding Clause, wherein said plurality of ad-
jacent supersonic compression ramps are config-
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ured to form:
a plurality of axial oblique shockwaves; and
a plurality of radial oblique shock waves.

13. The supersonic compressor rotor according to
any preceding Clause, wherein said shroud compris-
es at least one sealing mechanism coupled thereto.

14. The supersonic compressor startup support sys-
temaccording to any preceding Clause, wherein said
at least one sealing mechanism comprises at least
one of:

at least one axial seal; and
at least one radial seal.

15. The supersonic compressor rotor according to
any preceding Clause, wherein at least a portion of
one of said plurality of supersonic compression
ramps is coupled to said shroud.

16. A method for assembling a supersonic compres-
sor, said method comprising:

providing a casing that defines a fluid inlet, a
fluid outlet, and a fluid conduit extending there-
between; and

disposing at least one supersonic compressor
rotor within the fluid conduit of the supersonic
compressor comprising:

providing at least one rotor disk comprising
a substantially cylindrical body extending
between a radially inner surface and a ra-
dially outer surface;

coupling a plurality of vanes to the body, the
vanes extending radially outward from the
at least one rotor disk, adjacent the vanes
forming a pair;

coupling a shroud to at least a portion of
each of the plurality of vanes and extending
the shroud about at least a portion of the at
least one rotor disk, wherein the casing ex-
tends about at least a portion of the shroud;

orienting the radially outer surface, the pair
of adjacent vanes, and the shroud such that
a fluid flow channel is defined therebe-
tween, the fluid flow channel comprises a
fluid inlet opening and a fluid outlet opening;
and

positioning a plurality of adjacent superson-
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ic compression ramps within the fluid flow
channel, each of the plurality of adjacent su-
personic compression ramps configured to
condition a fluid being channeled through
the fluid flow channel such that the fluid is
characterized by a first velocity at the inlet
opening and a second velocity at the outlet
opening, the first velocity being supersonic
with respect to the rotor disk surfaces.

17. The method according to Clause 16, wherein po-
sitioning a plurality of adjacent supersonic compres-
sion ramps within the fluid flow channel comprises
at least one of:

coupling one of two adjacent ramps;
coupling one of three adjacent ramps; and

coupling one of four adjacent ramps,
to at least one of the radially outer surface, the
at least one adjacent vane, and the shroud.

18. The method according to Clause 16 or Clause
17, wherein positioning a plurality of adjacent super-
sonic compression ramps within the fluid flow chan-
nel comprises at least one of:

coupling at least one axial compression ramp to
at least one radial compression ramp;

coupling at least one axial throat portion to at
least one radial throat portion;
and

coupling at least one axial diverging portion to
at least one radial diverging portion.

19. The method according to any of Clauses 16 to
18, further comprising coupling at least one sealing
mechanismto at least a portion of the shroud, where-
in the at least one sealing mechanism includes at
least one of at least one axial seal and at least one
radial seal.

20. The method according to any of Clauses 16 to
19, wherein positioning a plurality of adjacent super-
sonic compression ramps within the fluid flow chan-
nel comprises forming a compression region within
the fluid flow channel that facilitates forming at least
one of a plurality of axial oblique shockwaves and a
plurality of radial oblique shock waves.

Claims

1.

A supersonic compressor (10) comprising:
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2,

3.

a fluid inlet (26);

a fluid outlet (28);

a fluid conduit (32) extending between said fluid
inlet and said fluid outlet;

at least one supersonic compressor rotor (40)
disposed within said fluid conduit of said super-
sonic compressor comprising:

atleastone rotor disk (48) comprising asub-
stantially cylindrical body (50) extending be-
tween a radially inner surface (56) and a
radially outer surface (58);

a plurality of vanes (46) coupled to said
body, said vanes extending radially outward
from said at least one rotor disk, adjacent
said vanes forming a pair;

a shroud (200) extending about at least a
portion of said at least one rotor disk, said
shroud coupled to at least a portion of each
of said plurality of vanes, wherein said ra-
dially outer surface, said pair of adjacent
vanes, and said shroud are oriented such
that a fluid flow channel (80) is defined ther-
ebetween, said fluid flow channel compris-
es a fluid inlet opening (76) and afluid outlet
opening (78); and

a plurality of adjacent supersonic compres-
sion ramps (98) positioned within said fluid
flow channel, each of said plurality of adja-
cent supersonic compression ramps config-
ured to condition a fluid being channeled
through said fluid flow channel such that the
fluid is characterized by a first velocity at
said inlet opening and a second velocity at
said outlet opening, said first velocity being
supersonic with respect to said rotor disk
surfaces; and

a casing (24) extending about at least a por-
tion of said shroud.

The supersonic compressor (10) according to Claim
1, wherein said plurality of adjacent supersonic com-
pression ramps (98) comprise at least one of:

two adjacent ramps;
three adjacent ramps; and
four adjacent ramps.

The supersonic compressor (10) according to Claim
1 or Claim 2, wherein said plurality of adjacent su-
personic compression ramps (98) comprise:

at least one axial compression ramp (98) cou-
pled to at least one radial compression ramp
(98);

at least one axial throat portion (124) coupled to
at least one radial throat portion (124); and
atleast one axial diverging portion (128) coupled
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to at least one radial diverging portion (128).

The supersonic compressor (10) according to any
preceding Claim, wherein said plurality of adjacent
supersonic compression ramps (98) are configured
to form:

a plurality of axial
(152/154); and

a plurality of radial oblique shock waves
(152/154).

oblique shockwaves

The supersonic compressor (10) according to any
preceding Claim, wherein said shroud (200) com-
prises atleast one sealing mechanism (500) coupled
thereto.

The supersonic compressor (10) according to any
preceding Claim, wherein said at least one sealing
mechanism (500) comprises at least one of:

at least one axial seal (506); and
at least one radial seal (650/652/654/656).

The supersonic compressor (10) according to any
preceding Claim, wherein said at least one radial
seal (650/652/654/656) extends radially between at
least one of:

said casing (24) and said shroud (200); and
said casing (24) and said at least one rotor disk
(48).

The supersonic compressor (10) according to any
preceding Claim, wherein at least a portion of one
of said plurality of supersonic compression ramps
(98) is coupled to said shroud (200).

A supersonic compressor rotor (40) comprising:

at least one rotor disk 948) comprising a sub-
stantially cylindrical body (50) extending be-
tween aradially inner surface (56) and a radially
outer surface (58);

a plurality of vanes (46) coupled to said body,
said vanes extending radially outward from said
atleast one rotor disk, adjacent said vanes form-
ing a pair;

ashroud (200) extending about atleast a portion
of said at least one rotor disk, said shroud cou-
pled to at least a portion of each of said plurality
of vanes, wherein said radially outer surface,
said pair of adjacent vanes, and said shroud are
oriented such that a fluid flow channel (80) is
defmed therebetween, said fluid flow channel
comprises a fluid inlet opening (76) and a fluid
outlet opening (78); and

a plurality of adjacent supersonic compression
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ramps (98) positioned within said fluid flow chan-
nel, each of said plurality of adjacent supersonic
compression ramps configured to condition a
fluid being channeled through said fluid flow
channel such that the fluid is characterized by
afirst velocity at said inlet opening and a second
velocity at said outlet opening, said first velocity
being supersonic with respect to said rotor disk
surfaces.

10. The supersonic compressor rotor (40) according to

Claim 9, wherein said plurality of adjacent superson-
ic compression ramps (98) comprise at least one of:

two adjacent ramps;
three adjacent ramps; and
four adjacent ramps.

11. A method for assembling a supersonic compressor,

said method comprising:

providing a casing that defines a fluid inlet, a
fluid outlet, and a fluid conduit extending there-
between; and

disposing at least one supersonic compressor
rotor within the fluid conduit of the supersonic
compressor comprising:

providing at least one rotor disk comprising
a substantially cylindrical body extending
between a radially inner surface and a ra-
dially outer surface;

coupling a plurality of vanes to the body, the
vanes extending radially outward from the
at least one rotor disk, adjacent the vanes
forming a pair;

coupling a shroud to at least a portion of
each of the plurality of vanes and extending
the shroud about at least a portion of the at
least one rotor disk, wherein the casing ex-
tends about at least a portion of the shroud;
orienting the radially outer surface, the pair
of adjacent vanes, and the shroud such that
a fluid flow channel is defined therebe-
tween, the fluid flow channel comprises a
fluid inlet opening and a fluid outlet opening;
and

positioning a plurality of adjacent superson-
ic compression ramps within the fluid flow
channel, each of the plurality of adjacent su-
personic compression ramps configured to
condition a fluid being channeled through
the fluid flow channel such that the fluid is
characterized by a first velocity at the inlet
opening and a second velocity at the outlet
opening, the first velocity being supersonic
with respect to the rotor disk surfaces.
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The method according to Claim 11, wherein posi-
tioning a plurality of adjacent supersonic compres-
sion ramps within the fluid flow channel comprises
at least one of:

coupling one of two adjacent ramps;

coupling one of three adjacent ramps; and
coupling one of four adjacent ramps,

to at least one of the radially outer surface, the
at least one adjacent vane, and the shroud.

The method according to Claim 11 or Claim 12,
wherein positioning a plurality of adjacent superson-
ic compression ramps within the fluid flow channel
comprises at least one of:

coupling at least one axial compression ramp to
at least one radial compression ramp;

coupling at least one axial throat portion to at
least one radial throat portion;

and

coupling at least one axial diverging portion to
at least one radial diverging portion.

The method according to any of Claims 11 to 13,
further comprising coupling at least one sealing
mechanism to atleast a portion of the shroud, where-
in the at least one sealing mechanism includes at
least one of at least one axial seal and at least one
radial seal.

The method according to any of Claims 11 to 14,
wherein positioning a plurality of adjacent superson-
ic compression ramps within the fluid flow channel
comprises forming a compression region within the
fluid flow channel that facilitates forming at least one
of a plurality of axial oblique shockwaves and a plu-
rality of radial oblique shock waves.
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